PURPOSE-While the benefits of exercise in people with type 2 diabetes mellitus (T2D) is wellknown, knowledge of factors associated with dropouts of exercise intervention trials is limited. Examining clinical and psychosocial factors related to dropout is a necessary first step to developing effective exercise program. We examined the predictors of a randomized trial of exercise intervention dropout among sedentary individuals with T2D. Participants (n=140) were randomly allocated to a 6-month, 3 times per week exercise intervention, or to a control group. Psychological well-being was assessed using a 36-Item Short Form, the Profile of Mood States questionnaire and an Exercise Self-Efficacy scale. Total percent body fat, and abdominal subcutaneous and visceral fat were measured. Insulin resistance was assessed with the quantitative insulin sensitivity check index. Fitness was expressed as VO 2 peak during treadmill testing.
well-known benefits of exercise. 1, 4, 5 Furthermore, the issue of exercise nonadherence also extends to exercise training research trials, where the dropout rate can be as high as 50%, [6] [7] [8] [9] even though the participants initially volunteered for the study. Thus, maintaining participation rates remains a major research challenge.
Studies examined predictors of exercise adherence, mostly to home-based exercise programs, based on patients' self-report. [10] [11] [12] The research addressing predictors of adherence has assessed the relationships among exercise self-efficacy, depressive symptoms, and health related quality of life (HRQoL) among older women, cancer patients or patients with cardiac rehabilitation. [10] [11] [12] [13] [14] [15] However, little is known about predictors of exercise program dropout among sedentary individuals with T2D, who participated in a supervised exercise program. Research is limited regarding factors related to dropout in supervised exercise programs where the dropout rate may be higher than in home-based exercise program. Furthermore, what evidence exists is mixed. Some studies reported diabetes status, age or depression increases the risk of dropout, while others reported diabetes status decreases the risk and age does not affect the dropout. 13, [16] [17] [18] Self-efficacy and HRQoL have been assessed as well in other populations such as older women or cardiac rehabilitation patients, but the findings are also mixed. 10, 12, 14, 19 More important, those studies did not examine clinical factors such as body fat composition, insulin sensitivity, aerobic fitness that patients may not self-identify but clinician can use to target programmatic efforts. Therefore, examining both clinical and psychosocial factors related to dropout to exercise programs is a necessary first step to developing effective adherence strategies that can be translated to "real-world practice" and guide clinicians and researchers working with people with T2D.
The purpose of this study is to investigate the predictors of dropouts in a randomized controlled trial (RCT) of exercise intervention among sedentary individuals with T2D who volunteered to participate in a research study of exercise and diabetes.
METHODS
Data used for this analysis are drawn from a randomized trial of a 6-month exercise intervention in 140 participants with uncomplicated, non-insulin-requiring T2D. Participants were randomized to either a supervised exercise training group or a usual care control. The study was approved by Johns Hopkins Institutional Review Board and informed consent was obtained from all participants. Participants were aged 40-65 with T2D as verified by a health care provider, medical records, or test results meeting American Diabetes Association criteria. 20 Additional inclusion criteria was having untreated systolic blood pressure of 120-159 mmHg or diastolic blood pressure (DBP) 80-99 mmHg by JNC VI criteria, 21 or if treated, any blood pressure (BP) not to exceed 159 mmHg systolic or 99 mmHg diastolic. Subjects were excluded if screening revealed a fasting glucose >400 mg/dl, glycated hemoglobin (HbA1c) >11%, or if they were using insulin. Subjects were not engaged in regular physical activity defined as <90 minutes of moderate-intensity activity per week. Other key exclusions were CVD, cigarette smoking in the last 6 months, alcohol abuse, and any other major organ dysfunction (kidney, liver, lung, thyroid, etc.) that could impair exercise ability, and a body mass index (BMI) ≥42kg/m 2 .
Blood pressure
BP was measured by an automated cuff (Dinamap MPS Select; Johnson & Johnson, New Brunswick, NJ). After five minutes of rest, BP was measured 3 times with 1 minute between readings. If they differed by >5 mmHg, extra readings were obtained. The mean of three consecutive readings within 5 mmHg of each other was the examination value.
Fitness
Peak oxygen uptake (VO 2 peak) was measured with a Vmax229 Metabolic System (Care Fusion, Yorba Linda, CA). Treadmill walking began at 4.8 km/h, at a grade of 0%, and was increased by 2.5% every 3 minutes. A participant's maximum effort was also validated by reaching ≥18 on the Borg Rating of Perceived Exertion scale, 22 by reaching a respiratory exchange ratio of ≥1.1, and by heart rate or a plateau in VO 2 peak. 23 Muscle strength was assessed by 1-repetition maximum (highest weight on one attempt) 24 on each of 7 exercises (bench press, shoulder press, seated mid-rowing, lat pull-down, leg extension, leg curl, and leg press) on a multistation machine (Hoist Fitness, San Diego, CA).
Anthropometrics and body composition
Anthropometric measures were body weight, height, BMI 25, 26 and body surface area. 27 Percentage body fat and lean mass were determined by dual energy X-ray absorptiometry (GE Lunar Prodigy; General Electric Medical Systems, Milwaukee, WI) Abdominal total, visceral, and subcutaneous fat were measured by magnetic resonance imaging (MRI) with a Vision 1.5T MRI system (Siemens Medical Systems, Iselin, NJ). An experienced reader measured the areas of interest, following procedures described elsewhere. 24, 28 
Blood chemistry analysis
Glucose and insulin were measured from fasting blood samples. Insulin resistance was assessed with the quantitative insulin sensitivity check index (QUICKI), 29 and a lower index indicates more insulin resistance. HbA1c levels and lipids (total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride) were recorded.
Additional measures
To provide a global estimate of coronary heart disease risk, the Coronary Heart Disease Risk Index, (CHDRI) was computed using algorithms derived from the Framingham Heart Study. 30 Participant health-related quality of life was assessed using the Medical Outcomes Study Short-Form 36-Item Health Survey 31,32 and the Cronbach α for our study ranged from 0.74 to 0.86. The Profile of Mood States (POMS) questionnaire, 33 which consists of 65 five-point rating scales, was used to measure 6 mood states (fatigue-inertia, depressiondejection, vigor-activity, anger-hostility, tension-anxiety, and confusion-bewilderment; the Cronbach α for our study ranged from 0.78 to 0.91). The Exercise Self-Efficacy scale for walking, jogging, climbing stairs, lifting and push-ups were used to assess self-efficacy beliefs 34 (Cronbach α for our study: 0.94 -0.97).
Exercise intervention
At the time of screening all participants were given the National Institute on Aging Guidelines for Exercise (http://www.niapublications.org/exercisebook/exercisebook.asp) and the American Heart Association Step I Diet (http://www.americanheart.org), and were asked to maintain their normal caloric intake during the study.
Participants in the exercise group were scheduled to exercise on 3 nonconsecutive days per week for 6 months (78 sessions) at university Clinical Research Unit Exercise Facility. All exercise sessions were supervised by an exercise physiologist. Each session began with a warm up, followed by resistance and then aerobic training. Resistance training consisted of 2 sets of 10-15 repetitions for each exercise, at 50% of 1-repetition maximum. Aerobic exercise lasted 45 minutes using the participant choice of treadmill, stationary cycle, or stair stepper. The target heart rate during baseline treadmill testing and was monitored with heart rate monitors (Polar, Lake Success, NY). As fitness improved, the aerobic workload was increased to maintain heart rate at target levels. For resistance exercise, the weight lifted was increased when the participant could complete 15 repetitions without difficulty. If a participant fell short of 62 sessions at 6 months (80% compliance), he/she could continue to exercise for an extra month to get as close to 62 sessions as possible.
Those assigned to the control group were given no further exercise advice. Participants in both groups reported twice monthly for BP safety checks.
Statistical analysis
Descriptive statistics were used to summarize baseline characteristics and study dropouts. Univariate analyses were conducted to compare differences in baseline characteristics between the exercise intervention and control group. To examine predictors of study dropouts, a multivariate logistic regression analysis including both groups was conducted. Bivariate analyses were run first, retaining those covariates where P<.10. Correlations of ≥0.80 between independent variables, tolerance of ≤0.1, and variance inflation factors (VIF) of >5 were considered indicative of multicollinearity. When a bivariate correlation of ≥0.8 was found, only 1 of the 2 independent variables was included in a multivariate logistic regression model. In addition, a priori selection of potential predictors was made on the basis of factors that can possibly be associated with study dropouts from other studies. We assessed model fit using the Hosmer and Lemeshow test and assessed the amount of unique variability accounted for using Cox & Snell R 2 and Nagelkerke R 2 . For all group comparisons and logistic regression analysis the level of significance was set at P<.05 (twosided) and 95% confidence intervals were used.
RESULTS

Sample and dropout characteristics
Complete baseline data obtained before the start of the interventions are available for 140 participants. The number of dropouts were 19 of 70 (27%) in the exercise group and 7 of 70 (10%) in the control group. The mean number of sessions attended for those who completed the exercise intervention was 69.2±10.1 (SD) sessions out of their prescribed 78 sessions whereas the mean for those who dropped out was 21±19.7 sessions. Mean of total months in the exercise program for those who dropped out was 2.74±2.78). Eight participants exercised for an extra month because they did not meet 80% compliance at 6 months: among them, 7 met 80% compliance after an extra month whereas one participant dropped out of the study. There were no significant group differences in baseline characteristics in demographic, physiological, or psychosocial variables (Table 1-3) .
About 80% of study participants took ≥1 diabetes oral medication and about 70% of participants took ≥1 medication for their BP. The mean of VO2 peak, was 22±5.5 mL•kg −1 •min −1 with a range of 9.9 and 38.3 mL•kg −1 •min −1 .
Bivariate analysis
Data were analyzed with the entire sample (n=140). There were significantly more dropouts in the exercise intervention group than the control group (ρ =−0.220, P<.01). Those who dropped out of the study had less exercise self-efficacy for lifting weight (ρ =0.187, P<.05). Physiological parameters associated with dropouts included low fitness (ρ =0.255, P<0.01); higher insulin resistance (ρ =0.167, P<.05); higher total percent body fat (ρ =−0.213, P<0.05); and higher subcutaneous abdominal fat (ρ =−0.220, P<0.05). Following variables were not significantly associated with the dropouts: Age, HbA1c, CHDRI, lipid, BP, SF-36, POMS, and the use of and number of medication for diabetes and hypertension.
Multivariate analysis
The multicollinearity assessed by Pearson's and Spearman's rho (ρ) correlation, tolerance, and VIF existed among the followings: BMI, abdominal subcutaneous fat and percentage of total body fat. Therefore, only abdominal subcutaneous fat, the variable was entered in the multiple logistic regression model. The multiple logistic regression ( 
DISCUSSION
Studies have shown that comorbid conditions, time constraints, inclement weather, absence of support/supervision and cultural expectation are common barriers to exercise adherence. [35] [36] [37] There are also mixed results in a relationship among cognitive, (eg, selfefficacy) psychosocial factors, and exercise intervention dropouts in other populations such as patients with cardiac rehabilitation, or cancer. However, this previous work did not examine physiological factors that may affect the patient's perceived barriers. The novel findings herein are that in a sample of sedentary individuals with T2D, initial low level of aerobic fitness, decreased insulin sensitivity, and exercise intervention group assignment were significant, independent predictors of dropouts from the 6-month RCT.
A lower levels of fitness is a strong and independent factor of all-cause mortality and high risk of CVD. 38, 39 Importantly, fitness capacity can be modified through exercise training resulting in improved diabetes and CVD outcomes. [40] [41] [42] This underscores the importance of maintaining exercise adherence in those with diabetes. Knowledge of fitness levels, namely, assessment of baseline aerobic fitness may be important in providing tailored counseling to address potential obstacles, specifically, by telling the participants initial challenges at the beginning of exercise program, emphasizing the need for commitment to gain subsequent benefits of exercise and setting individualized goal accordingly.
It is well known that exercise improves insulin sensitivity and glycemic control and it is highly effective in delaying onset of diabetes and preventing diabetes complications. 43 Therefore our results showing that people with decreased insulin sensitivity are more likely drop out of exercise programs are also a concern. It suggests that in addition to low levels of aerobic fitness, participants with decreased insulin sensitivity may also required individual counseling to enhance their subsequent participation.
The relationship between self-efficacy and exercise adherence commonly depends on the type of exercise and duration of followup. 12, 19, [44] [45] [46] In our 6-month intervention with the combination of aerobic and resistance training, only low self-efficacy for lifting weight was a significant predictor for dropouts among the other exercise self-efficacy subscales, although this trend fell short of the significance in the multivariate analysis. Although the benefit of resistance training in diabetes management has been highlighted in the literature, 1 the self-efficacy for resistance training is relatively lower compared to self-efficacy for aerobic exercise. 47, 48 Patients with T2D reported a fear of injury and low self-efficacy with regard to resistance exercise, which is likely less familiar compared with aerobic exercise, thus creating barriers to resistance training. 47 Therefore, it is important to educate patients and address issues related to resistance training to avoid unnecessary fear and increase selfefficacy for resistance training.
Not surprisingly, dropout rate was significantly higher among exercisers than controls. A likely explanation of the different dropout rates was the higher subject burden in the exercise group. Exercisers were required to attend 3 times a week exercise at our facility whereas controls visited our research site only for baseline and 6-month measurements and for a monthly BP check. Our dropout rate is lower than the results of other exercise interventions where the dropout rate was as high as 50%. [6] [7] [8] [9] However, consistent with other studies, the mean of total months in our exercise program for those who dropped out was 2.74 months. 6, 35 Despite being volunteers, participants seemed to drop out during the first 3 months, perhaps due to the fact that feedback about having good BP control from the monthly checks may diminish their motivation to continue in the program. This observation, in our study, was similar for HbA1c, although we did not routinely provide participants with their baseline results and we did not know for certain if some people have been selfmonitoring their glucose, or received feedback from their own health care providers-showed to be under good control. Therefore, participants initial motivation might have decrease based upon this information and in turn, have been more difficult to comply with the supervised regular exercise as they experienced challenges in the program.
Studies have shown that people with diabetes perceive that the most effective treatment for diabetes and CVD is taking medication. 49, 50 Therefore patients may not feel that adding exercise to their diabetes management is necessary, especially when their diabetes is in good control with their current medication. Interestingly, our study showed that the use and number of diabetes and hypertension medications were not significantly associated with the study dropouts. However, since most participants took at least 1 medication for their diabetes or hypertension, this lack of variability may have limited the statistical power to ascertain a relationship between medication use and dropout.
In our study, all baseline mood states including depressive moods were not associated with study dropouts and adherence, suggesting that exercise participation may not be substantially influenced by mood states, at least in a diabetic population that has relatively good glycemic control and free of cardiovascular and other major diseases.
Study Limitations and Future Research Directions
Our participants were individuals with well-controlled diabetes. Therefore, it is unknown whether similar results would be found among patients with less control or more diabetic complications. In addition, because we did not track whether the participants knew about their HbA1c and BP readings, future studies with the information would be helpful to better understand dropouts of exercise programs. Also, we did not measure potentially important covariates such as social support. Further research with a larger sample size and important covariates would yield more definitive findings on predictors of exercise dropouts based on fully adjusted models.
Our study has strengths and important implications. This is the first study that demonstrated the potential predictors of exercise dropouts investigating comprehensive physiological and psychosocial measures. Although some studies reported patient perceived barriers to physical activity, 35, 36 there was limited information available regarding physiological factors that patients may not self-identify as barriers. Also, most studies reporting adherence to exercise depended on patient self report or exercise log that may be subject to bias. However, our participants were supervised during the 6-month intervention and the adherence to exercise was measured objectively based on the duration of exercise and number of attendance.
In summary, our data suggest a need for researchers and clinicians to be more proactive not to lose vulnerable participants prematurely from the programs by delivering messages, focusing on greater explanation of the benefits of exercise and better understanding of the commitment to gain the benefits, with the consideration of potential obstacles in exercise participation. Especially, fitness consultation tailored to individuals with diabetes, and special attention to the sedentary individuals with high insulin resistance and poor fitness, should be incorporated into developing and implementing exercise programs to improve diabetes management. 
